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ABSTRACT 
Keratinocytes in many parts of the epidermis of both human (pathologic) and various 
other mammalian species contain spherical keratohyalin granules. The epidermal kera-
tinocytes were studied by electron microscopy in snout and foot pad of certain mammals 
and in human pathologic skin (congenital ichthyosiform erythroderma, bullous type). The 
present study describes the formation of the spherical keratohyalin granules and the proc-
ess of the infiltration of keratohyalin substances into the tonofibrils. 
From the results of this study, it seems possible that keratohyalin may be synthesized by 
free ribosomes and initially deposited as small spherical granules independently of any 
other organelles. In areas of the cell where the tonofibrils are not well developed, keratohya-
lin may be freely deposited as spherical granules of various sizes. In areas of the cell where 
the tonofibrils are well developed, keratohyalin substances may infiltrate into the interfila-
mentous spaces among the tonofilaments and form the irregularly shaped keratohyalin 
granules usually seen in normal human skin. 
In the normal epidermis of mammalian skin, 
keratohyalin granules occur in the upper part of 
the stratum spinosum as well as in the stratum 
granulosum. The results of investigations by sev-
eral workers [1-4] suggest that keratohyalin con-
tains protein as its major component. By electron 
microscopic criteria, the keratohyalin granules of 
both the human and other• mammalian epidermis 
are dense amorphous masses varying in size [51 
with no limiting membrane, characterized by an 
irregular shape [6], and commonly associated with 
tonofibrils. In the keratinizing epithelium of the 
oral mucosa, however, Rogers [7) demonstrated 
spherical dense granules rather than irregular 
keratohyalin granules. Kurosumi [8] observed 
similar spherical keratohyalin granules in the 
epidermis of late fetal and neonatal rats. Even in 
adult animals, spherical keratohyalin granules 
can be seen in the deeper parts of the stratum 
spinosum, though their size and number are both 
small [8, 9]. Such spherical keratohyalin granules 
have been reported in the epidermis [1, 4, 10] and 
other keratinizing epithelia [11-13] of certair. 
mammals. They have been recognized also in 
some human pathologic skin lesions [14-17). 
During the present study we have again ob-
served these spherical granules in congenital ich-
thyosiform erythroderma, and have found them in 
cells of the stratum spinosum of mammalian 
snout and foot epidermis. This paper describes the 
formation of keratohyalin substances and the 
process of their infiltration into the tonofibrils of 
epidermal keratinocytes. 
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MATERIALS AND METHODS 
Samples of the skin were taken from typical lesions of 
congenital ichthyosiform erythroderma (bullous type), 
from foot pad of the mouse and from snout of the dog 
and mole. 
Specimens were cut into small pieces and fixed at 4° 
C for 2 hr in either 2% osmium tetroxide buffered with 
phosphate or veronal-acetate, made isotonic with su-
crose, or in a mixture of 2% osmium tetroxide and 2.5% 
glutaraldehyde buffered with phosphate or veronal-ace-
tate and made isotonic with sucrose [18 ]. After dehydra-
tion with a series of ascending concentrations of ethanol, 
the specimens were embedded in Epon 812 [19 ]. Thin 
sections were cut on a Porter-Blum MT-2 microtome, 
doubly stained with uranyl acetate and lead citrate [20], 
and observed in a Hitachi-liD electron microscope. 
OBSERVATIONS 
Cells of the lower granular layer in the dog snout 
(Fig. J). Spherical keratohyalin granules are 
present in almost all the keratinocytes in the lower 
part of the granular layer of the snout of the dog. 
They are surrounded by numerous ribosomes and 
are almost never associated with tonofibrils or any 
other cell organelles. Scattered mitochondria, 
tonofibrils, and free ribosomes are present in 
the cytoplasm of the cells in the lower granular 
layer. 
Cells of the lower granular layer in the mouse 
foot pad (Figs. 2, 3). Spherical keratohyalin gran-
ules surrounded by numerous ribosomes can be 
observed. Free ribosomes and tonofibrils are 
abundant. Mitochondria, lamellar granules of 
Odland and rough-surfaced endoplasmic reticu-
lum are sparsely scattered in the cytoplasm. The 
small spherical keratohyalin granules tend to be 
situated in the perinuclear region, where the 
tonofibrils are scanty (Fig. 2). A part of a large 
spherical keratohyaltn granule is partly sur-
rounded by numerous ribosomes, but from 
another part of the same granule extend some 
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F IG. 1. Port ion of a kerab ~yte frorn the lower granula r layer of dog snout. S pherical keratohyalin granules 
(K) surrounded by numerous riL-..5omes are found in the cytoplasm. T: tonofibrils, M: mitochondria. x 35,000. 
FIG. 2. A portion _o f a keratinocyte of t he granular layer of t he mouse foot pad . Spherical keratohyalin granules 
(K) surround ed by num erous riboso mes a re observed in juxta nuclea r locat ion. N: nucleus, NL: nucleolus, T : 
tonofibri ls, M : mi tochondri a. x 23,000 . 
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processes towards the tonofi brils, and an inter-
mediate form between spherica l and irregularly 
shaped keratohyalin granules is produced (Fig. 3). 
Cells of the lower granular layer in the mole 
snout (Fig. 4). In mole snout sk in, spherica l 
keratohyalin granules surrounded by numerous 
ribosomes extend projections in to the tonofibrils, 
and are shaped like a tadpole. In t his animal skin , 
keratohyalin granules associated wi t h t he tonofi -
brils are rather small in size and variable in shape 
(spheri cal, oval, or band-like). They appear as 
dark spots scattering over t he less dense bundles 
of tonofi laments, formin g a character istic speck-
Jed and reticular appearance. Free ribosomes and 
tonofib rils are abundant in the cytoplasm. 
Congenital ichthyosiform erythroderma ( bul-
lous type) (Fig. 5). Spherica l keratohyalin gran-
ules of various s izes are found in the cytoplasm , 
mostly in the juxtanuclear area of cells of t he 
lower granular layer. The granules are usually 
surrounded by numerous ribosomes, and in tan-
gentia l sections numerous ribosomes can be seen 
within the area of dense amorphou mate ri al. On 
granul ar layer in t he mouse foot pad. Part of t he large 
keratohyalin granul es (K) surrounded by numerous 
ribosomes extends processes into tonofib rils. A s mall , 
spherica l keratohyalin granule is surrounded by numer-
ous ribosomes (arrow). N: nucleus, T: tonofibril s, M: 
FIG. 3. A portion of a kerat inocyte of t he lower mi toc hondria. x 40,000. 
Frc. 4. Portion of a kerat inocyte from the lower granular layer of mole snout . Spherical (I<) and irregularly shaped 
keratohyal in granules are found . One of the former gra nules shows a tadpole-like sha pe (arrow), since pa rt of t he 
gran ule is associa ted with tonofi brils (T). x 40,000. 
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FIG : 5. A portion of a kerat inocyte from a patient with congeni tal ichthyosiform erythroderma [bullous type]. 
Sph~nc~ l k eratohyalm granules (K) surrounded by numerous nbosomes are observed. A granule in tangential 
sectton ts tnd teated by the arrow. Irregularly shaped keratohyalm granul es (X) assoc tated Wtth tonofibrils are seen 
M: mitochondria, L: lamellar granules of Odland, MT: microt ubul es. x 35,000. · 
the other hand , ir~egularly shaped keratohyalin 
granules are assoc iated with tonofibrils. A large 
number of free ribosomes and polysomes are 
present throughout the cytoplasm . Scattered mi -
tochondria, rough-s urfaced endoplasmic reticu-
lum microtubules. and lamellar granules of Od-
land also are found in the cytoplasm . 
DISCUSSION 
From all the observations of the present study, 
there emerges a feature common to most of the 
spherical keratohyalin granules; they are sur-
rounded by numerous ribosomes. We assume, as 
have past workers (9- 11, 21 J, that the ribosomes 
m ay be involved in the synthesis of keratohyalin 
material which may be initially depos ited as 
spherical granules independently of any other ce ll 
organelles. In areas of t he cell where the tono fi -
brils are not well deve loped , keratohyalin may be 
fre ely deposited as spheri cal granules of various 
s izes; this being particularly ev ident in the dog 
snout, and in the juxtanuclear areas of the mouse 
foot pad. In some human pathologic skin lesions 
such as congenital ich thyosiform erythroderma 
(bullous type) [14, 15). basal cell carcinoma [16), 
and certain viral diseases [17 ), such spheri cal ker-
atohya lin granules surrounded by numerous ribo-
somes have been recognized in the cytoplasm, 
where tonofibrils are not well developed or de-
creased in density. These findings suggest that 
even in man, keratohyalin may be formed by rib-
osomes and deposited as spherical granules in 
areas with few tonofibrils. 
On the other hand , in areas of t he celt where the 
tonofibrils are well developed , keratohyalin sub-
stance may infiltrate into the interfilamentou 
spaces at the point where the spherical granules 
make con tact with t he tonofibrils and form the 
irregularly shaped keratohyalin granules seen in 
ordinary kerat incoytes of t he normal hum an skin. 
The findin gs in mouse foot pad of an intermediate 
form between the spheri cal and irregular kerato-
hyalin granules, which is partially surrounded by 
ribosomes and part ially associated with the tono-
fibrils , may indicate a step of the process of 
infiltration of keratohyalin materi al into tonofi-
brils. This phenomenon is much more evident in 
mole snout skin , where the keratohyalin material 
may infiltrate into interfilamentous spaces amona 
. 
6 
tonofilaments formmg a characteristic speckled 
patte rn on the tonofibrils. 
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